In a first step to study FDC function, we and others have isolated FDCs and examined their antigen e~pression.'-~.~ These studies have been impaired by several technical problems. FDCs can be isolated only in small numbers and form tight clusters with T and B lymphocytes, and therefore are always contaminated in vitro by other cells. Attempts to unambiguously determine the antigenic phenotype of FDCs, either enriched or in situ by immunostaining, have led to contradictory and inconclusive data.3.6,9 It has been impossible, for example, to exclude that an observed antigen expression on FDCs was the result of adherent lymphocyte membranes or absorbed antigen. Likewise, falsely negative phenotyping data might be caused by low levels of antigen expression. Therefore, antigen expression and cellular lineage of FDCs remain unresolved with conflicting evidence for macrophage: hematopoietic, or fibroblastic origin." In the present report, we examined the antigenic profile and lineage of FDCs by defining their gene repertoire. Polymerase chain reaction (PCR) of single and highly enriched FDCs showed a very restricted mRNA profile with high levels of mRNA for CD21 (C3d receptor/CR2/Epstein-Barr virus receptor), yet an absence of message characteristic for cells of hematopoietic or fibroblastic origin.
sents an important component of the germinal center. One function of FDCs is to trap and to retain antigen-antibody complexes and to present these to B cells. '-6 Recently, FDCs have also been shown to be involved in the adhesion of activated B cells to the germinal center.' In addition to their importance in normal B-cell function, FDCs appear to play a significant role in the neoplastic lymphoid follicle. FDCs infiltrate neoplastic follicles of low-grade follicular lymphomas, but are not present once these tumors transform to a clinically more aggressive diffuse intermediate-or highgrade malignant histology.' These observations have led to the hypothesis that FDCs may be important in the regulation of both normal and neoplastic B cells within the germinal center.
In a first step to study FDC function, we and others have isolated FDCs and examined their antigen e~pression.'-~.~ These studies have been impaired by several technical problems. FDCs can be isolated only in small numbers and form tight clusters with T and B lymphocytes, and therefore are always contaminated in vitro by other cells. Attempts to unambiguously determine the antigenic phenotype of FDCs, either enriched or in situ by immunostaining, have led to contradictory and inconclusive data.3.6,9 It has been impossible, for example, to exclude that an observed antigen expression on FDCs was the result of adherent lymphocyte membranes or absorbed antigen. Likewise, falsely negative phenotyping data might be caused by low levels of antigen expression. Therefore, antigen expression and cellular lineage of FDCs remain unresolved with conflicting evidence for macrophage: hematopoietic, or fibroblastic origin." In the present report, we examined the antigenic profile and lineage of FDCs by defining their gene repertoire. Polymerase chain reaction (PCR) of single and highly enriched FDCs showed a very restricted mRNA profile with high levels of mRNA for CD21 (C3d receptor/CR2/Epstein-Barr virus receptor), yet an absence of message characteristic for cells of hematopoietic or fibroblastic origin.
MATERIALS AND METHODS

Cellpreparations.
Single, unclustered FDCs were isolated from human tonsils using a modified procedure described previously! Low-density cell preparations were obtained by digesting tonsils with media containing 2 mg/mL collagenase (Type IV, Worthington Biochemical Corp, Freehold, NJ) and by centrifuging the cell suspension over a discontinuous 35% Percoll gradient. FDCs were and lack of mRNA for CD20, CD45, CD4, fibronectin, and platelet-derived growth factor receptor a and p. These observations are consistent with the hypothesis that FDCs may not be of classical hematopoietic or fibroblastic origin. The absence of interferon-?, tumor necrosis factor-a, interleukin-3, and interleukin-6 mRNA provides preliminary evidence that these cells might produce only a very restricted set of cytokines limited to the germinal center.
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identified using an EPICS cell sorter (Coulter Electronics Inc, Hialeah, FL) by characteristic flow cytometric parameters of strong expression of the CD14 antigen (monoclonal antibody [MoAb] 322) and large cell size.' Cells were sorted into highly enriched FDC (FDC") preparations and populations containing no FDCs (FDC-). Individual, unclustered FDCs were sorted into flatbottom 96-well plates using an Autoclone device (Coulter) and centrifuged at 800 rpm. FDCs were identified with light microscopy by their characteristic morphology' and picked individually. FDCs were stimulated for 5 hours at 37°C with either recombinant interferon-? (IFN-y; 500 UlmL) or supernatant of T cells stimulated with phytohemagglutinin (PHA, 2 pg/mL) and 12-0-tetradecanoylphorbol 13-acetate (TPA; 10 ng/mL). Single tonsillar B cells were picked from sheep erythrocyte rosetting negative cells (E-) under light microscopy. Peripheral blood CD4' T cells (CD4' PBL) were prepared from E' lymphocytes by incubation with anti-CD8 MoAb (Coulter) and complement lysis. T cells were activated by incubation of E' human splenic cells. Fibroblasts were prepared from human foreskin. Single macrophages were picked under light microscopy from plastic adherent splenic mononuclear cells.
RNA of single cells and of media controls was extracted using a modification of the method described by Belyvasky et al." Cells or media controls were added in 1 pL vol to 20 pL of buffer containing 4 mol/L guanidium thiocyanate, 25 m m o w sodium citrate pH 7.0, 100 mmol/L 2-mercaptoethanol, 0.5% sodium lauryl sarcosinate, 50 mmollL sodium acetate, and 5 pg carrier tRNA (Escherichia coli; Boehringer Mannheim, Indianapolis, IN). RNA was phenol extracted once and ethanol precipitated. RNA of other cell preparations was extracted similarly without using carrier RNA.
RNA of single cells was divided into three equal parts; for all other samples 10 ng of RNA was used. RNA was reverse transcribed for 1 hour at 37°C using 50 U
RNA preparation.
PCR and Southem analysis. mmol/L MgCI,, 0.008% gelatin, and 2 mmol/L dNTP mix. Fortyfive PCR cycles were performed at 94°C (1 minute), 55°C (1 minute), and 72°C (1 minute) using a Techne Thermocyler (Techne Ltd, Cambridge, UK). To further increase sensitivity and specificity, a second PCR (25 cycles) was performed using 3 KL of the first PCR product as template and 2 Kmol/L of primers specific for the cDNA fragment. PCR products were electrophoresed in a 1% Agarose/3% NuSieve GTG agarose gel (FMC Bioproducts, Rockland, ME) and Southern transferred onto Zeta-Probe membranes (Bio-Rad, Richmond, CA). Hybridization was performed with "P-labeled oligonucleotide probes specific for the amplified DNA fragment (Table 1) .
RESULTS
FDCs were examined for the expression of genes characteristic of hematopoietic or fibroblastic origin. FDC mRNA was PCR amplified with oligonucleotide primers specific for CD20 and CD21 (B-cell-associated antigens), CD4 (T-cell-associated antigen), common leukocyte antigen cDNA sequences were derived from published reports. Sense (SI, II) and antisense (AI, 11) primers were chosen on different exons, or, if the genomic structure was unknown (PDGF-Ra and PDGF-Rp), were widely separated so as to be likely on different exons. Therefore, PCR products of the appropriate size could only be generated from mRNA and not from genomic DNA. Primers for CD45 were within constitutively used exons. Probes (PI, 11) were used for Southern blot analyses (Fig 1) . FDCs showed a characteristic pattern of high level of CD21 mRNA and lack of message for CD20 and CD45. Single tonsillar B cells, in contrast, contained mRNAs for CD20, CD21, and CD45 ( Fig 1A) . As seen in Fig lB, FDCs did not contain the message for the fibroblast-specific markers fibronectin and platelet-derived growth factor receptor a and p (PDGF-R a and PDGF-R p) or the T-cell marker CD4. Thisvery unique mRNA pattern is consistent with the hypothesis*' that FDCs may not be, as previously thought, derived from classical hematopoietic or fibroblastic cells.
To investigate whether FDCs express the message for one or more cytokines known to affect B-cell growth and differentiation, we examined whether unstimulated or in vitro-activated FDCs contain cytokine mRNAs. FDCs, isolated by our method, did not appear to produce tumor necrosis factor-a (TNF-a) or IFN--y because the corresponding mRNAs were not detected in unstimulated FDCs (Fig  1B and D) and with IFN-y or T-cell-conditioned mediastimulated FDCs (data not shown). In addition, unstimulated FDCs did not express mRNAs for interleukin-3 (IL-3) and IL-6 (data not shown).
DISCUSSION
Previous immunostaining studies of FDCs led to conflicting results with regard to expression of antigens defining the lineage of these cells.4-'.' Antigenic phenotype, morphology, and consistent mRNA profile of the cells isolated by our method clearly identified them as a homogeneous group of FDCs. However, it is presently unknown if these cells are representative for all FDCs of the germinal center or if they define a subpopulation of FDCs.
The present report has attempted to overcome the ambiguity of cell-surface staining by coexamining gene expression in single and highly enriched FDCs. The observation that FDCs are positive for CD21 mRNA, but negative for the CD20 or CD45 genes, is consistent with our prior immunophenotypic observations6 and is convincing because they were probed on single cells. The finding that The close proximity of FDCs with B cells provides the basis for the hypothesis that FDCs might also secrete cytokines to regulate the B-cell microenvironment. This idea was strengthened by the observation that FDCs support the survival of B cells in culture.24 In addition, it was shown that TNF-a and IL-625 are secreted by FDC-enriched preparations but not by FDC-depleted populations. However, FDCs do not contain IL-6 mRNA as determined by PCR and by in situ hybridization.26 Our present report indicates that FDCs also do not express mRNAs for TNF-a and INF-y, which are also potent B-cell stimulating agent^.^^.^' One possible explanation for these observations could be that FDCs induce surrounding lymphocytes to produce TNF-a and IL-6, rather than secrete these cytokines. Moreover, it cannot be excluded that FDCs might secrete these or other cytokines following other appropriate activating stimuli. Alternatively, FDCs might produce a very restricted set of cytokines limited to the specialized germinal center microenvironment.
Immunophenotypic analyses have also yielded contradictory results with regard to the expression of CD4.3,6,9 This is relevant to explain the binding of human immunodeficiency virus (HIV) particles to FDCs in acquired immunodeficiency syndrome-related lymphaden~pathy.~~ Although not pathognomonic? continuous lysis of FDCs within degenerating germinal centers is a cardinal feature of this disease" and is directly correlated with clinical deterioration. Lack of CD4 message, together with negative antigen expression:6 clearly shows that FDCs do not synthesize the CD4 molecule. It is possible that adherence of HIV to FDCs may involve an alternative mechanism other than classical binding of HIV to the CD4 receptor.
In summary, this study shows that FDCs express a unique mRNA pattern that is not characteristic of any classical cellular derivation. Resolution of the origin of FDCs and isolation of their precursors will aide us in studying the function of these cells both in normal and neoplastic microenvironments.
